Obesity is a significant health problem affecting an increasing number of children worldwide and has been reported an epidemic by the World Health Organization \[[@ref1], [@ref2]\]. As with obesity, Vitamin D deficiency is reaching epidemic proportions worldwide, in both pediatric and adult populations \[[@ref3]\]. Reports to date have linked Vitamin D deficiency to hypertension, diabetes mellitus, and insulin resistance (IR), nonalcoholic fatty liver disease (NAFLD), and metabolic syndrome \[[@ref4]-[@ref6]\].

NAFLD has become the most common form of the chronic liver disease with a prevalence as high as 30%, \[[@ref7], [@ref8]\] thus exceeding that of alcoholic liver disease and viral hepatitis. NAFLD means a continuum of hepatic injuries, which progress from simple fatty liver to steatohepatitis (NASH), cirrhosis, or even hepatocellular carcinoma. The metabolic syndrome is worldwide considered as the key factor in the pathogenesis of NAFLD \[[@ref9]\]. However, the evolution of liver inflammation in NAFLD and the progression from simple fatty liver to steatohepatitis and hepatic fibrosis are more complex. Insulin resistance, a key risk factor in the pathogenesis of NAFLD, is linked to the development of oxidative stress and lipotoxicity \[[@ref10]\].

Given the strong association of NAFLD with obesity and the metabolic syndrome, recent years there has been a scientific interest into the potential role of Vitamin D in NAFLD. Vitamin D deficiency is associated with NAFLD and has been correlated with disease severity \[[@ref10], [@ref11]\]. However, a recent Korean study showed contradictory results. In this study, there was no significant difference in Vitamin D levels between groups \[[@ref12]\]. An another study, in the National Health and Nutrition Examination Survey from 2001 to 2004, suspected NAFLD, which was defined by elevated serum alanine aminotransferase (\[ALT\]; \>30 U/L), was not associated with Vitamin D status in adolescents after adjustment for obesity \[[@ref13]\]. Li et al. \[[@ref14]\] showed that serum 25 hydroxy (25 \[OH\]) D concentrations or Vitamin D status were not significantly associated with the presence of NAFLD. Thus, the role of Vitamin D in the pathogenesis of NAFLD remains unclear. In the present study, we explored whether Vitamin D levels were different in patients with and without NAFLD.

MATERIALS AND METHODS {#sec1-2}
=====================

This prospective study involved 110 patients aged 10--16 years who presented to the pediatric endocrinology outpatient clinic for obesity in the same season between September and November.

The patients were grouped into two groups: Group 1 comprised patients with hepatosteatosis and Group 2 consisted of patients without hepatosteatosis. Exclusion criteria were hypothyroidism, HBV or HCV infection, α-1-antitrypsin deficiency, Wilson's disease, use of known steatogenic drugs, and another chronic disease. Patients who had received vitamin supplementation in the past 6 months that might have potentially changed Vitamin D level were also excluded from the study. Ethical approval was obtained from the hospital Ethics Committee, and written informed consent was obtained from each of the parents or legal guardians of the patients. Children with a body mass index (BMI) \>95^th^ percentile were diagnosed as having obesity \[[@ref15]\]. BMI was calculated as weight (kilograms)/height (meter) 2, evaluated against the BMI reference percentiles for Turkish children \[[@ref16]\]. All blood samples were collected in the morning after an overnight fast. Serum levels of vitamin D may have seasonal variability; \[[@ref17]\] therefore, all blood samples were taken in the same season.

We used the homeostasis model of assessment (HOMA) to calculate IR in children with obesity, which was calculated as follows: HOMA-IR; fasting glucose (mg/dL) × fasting insulin (mU/mL)/405 \[[@ref18]\].

Laboratory tests included the following: ALT, aspartate aminotransferase (AST), calcium, phosphate, alkaline phosphatase, 25-OH Vitamin D, parathyroid hormone (PTH), triglyceride, total cholesterol, low-density lipoprotein, high-density lipoprotein, blood glucose, and insulin. Glucose, ALT, and AST levels were studied using Abbott kits and an Abbott i8000 model device at our hospital's central laboratory. Glucose level was studied using the Hexokinase/G-6-PDH Method; ALT and AST were measured with the enzymatic method. Insulin, PTH, and 25OHD3 levels were measured with an Abbott i16000 model device using the "chemiluminescent microparticle immunoassay" method and Abbott kits.

Liver ultrasonography {#sec2-1}
---------------------

Ultrasound imaging can be used as a sensitive method for diagnosing steatosis of liver \[[@ref19]\]. Assessment of hepatosteatosis was carried out by an expert from the radiology department using Toshiba iStyle Aplio MX model with 3.5 MHz convex probes. All ultrasound examinations were performed by the single experienced pediatric radiologist. Absent steatosis (Grade 0) was defined as normal liver echo-texture; mild steatosis (Grade 1) as slight and diffuse increase in fine parenchymal echoes with normal visualization of diaphragm and portal vein borders; moderate steatosis (Grade 2) as moderate and diffuse increase in fine echoes with slightly impaired visualization of diaphragm and portal vein borders; and severe steatosis (Grade 3) as fine echoes with poor or no visualization of diaphragm, portal vein borders, and posterior portion of the right lobe \[[@ref20], [@ref11]\].

Statistical analysis {#sec2-2}
--------------------

Study data were analyzed using IBM SPSS Statistics 22 (IBM SPSS, Turkey) software package. Shapiro--Wilk test was used to test the normality of study data. Descriptive statistics included mean and standard deviation. Quantitative variables with normal distribution were compared using Student t-test between the two groups and Mann--Whitney U-test was used to compare quantitative variables without a normal distribution. Continuity (Yates) correction was used for the comparison of qualitative data. Pearson correlation analysis has been used to analyze the correlation between the parameters showing normal distribution, whereas Spearman's rho correlation analysis has been used to analyze the parameters not showing normal distribution. For all statistical procedures, the significance level was set at p\<0.05.

RESULTS {#sec1-3}
=======

In this study 110 children with obesity were enrolled, of whom 55.5% (n=61) were girls; mean age of the study population was 12.19±2.5 years (10--16 years). 32 (29. 1%) patients were diagnosed with hepatosteatosis. 15 of 32 patients had Grade 1 hepatosteatosis and 17 had Grade 2 hepatosteatosis. The clinical and laboratory characteristics of the study population are summarized in [Table 1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}.

###### 

Anthropometric and clinical data of children with hepatosteatosis (Group 1) and without hepatosteatosis (Group 2)

                  Group 1       Group 2      All cases    P
  --------------- ------------- ------------ ------------ ------------------------------------------------------------------------
  Age (years)     12.71±2.38    11.97±2.64   12.19±2.58   ^[2](#t1f1){ref-type="table-fn"}^0.177
  Female, n (%)   15 (46.9)     46 (59)      61 (55.4)    0.343
  Male, n (%)     17 (53.1)     32 (41)      49 (44.5)    
  BMI (kg/m²)     33.61±14.82   29.86±4.58   30.92±8.88   ^[2](#t1f1){ref-type="table-fn"}^0.046[\*](#t1f2){ref-type="table-fn"}

Student t test;

p\<0.05; BMI: Body mass index.

###### 

Laboratory data of children with hepatosteatosis (Group 1) and without hepatosteatosis (Group 2)

                         Group 1            Group 2            All cases          p
  ---------------------- ------------------ ------------------ ------------------ ------------------------------------------
  AST (IU/L)             38.52±46.97 (28)   22.11±10. 9 (20)   26.86±27.65 (21)   10.001[\*\*](#t2f2){ref-type="table-fn"}
  ALT(IU/L)              58±79.23 (35)      24.76±23.95 (19)   34.48±49.28 (22)   10.001[\*\*](#t2f2){ref-type="table-fn"}
  25-OH D (ng/mL)        17.4±5.74          16.85±5.98         17.01±5.89         20.659
  Calcium (mg/dL)        9.98±0.29          9.77±0.35          9.81±0.35          20.063
  Phosphate (mg/dL)      4.87±0.49          4.64±0.68          4.69±0.65          20.363
  ALP(IU/L)              211.43±66          200.68±67.22       203.63±66.41       20.611
  PTH(pg/mL)             45.7±12. 5         42.4±21. 3         43.8±13. 5         0.88
  HOMA-IR                4.97±2.77          3.91±2.04          4.22±2.31          20.029[\*](#t2f1){ref-type="table-fn"}
  Triglyceride (mg/dL)   133.06±66.49       125.83±54.87       128.01±58.37       20.567
  HDL(mg/dL)             41.88±12.82        41.2±7.41          41.0±9.28          20.731
  LDL (mg/dL)            109.55±31.49       105.43±25.73       106.71±27.55       20.493
  Cholesterol (mg/dL)    175.54±36.71       173.16±29.21       173.82±31.29       20.735

^1^Mann Whitney U test; ^2^Student t test;

p\<0.05;

p\<0.01; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; 25 OH vit D: 25 hydroxy vitamin D3; ALP: Alkaline phosphatase; HOMA-IR: Homeostasis model of assessment insulin resistance; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; PTH: Parathyroid hormone.

Patients with NAFLD (Group 1) had significantly greater BMI than those without (Group 2) (p\<0.05). Patients with NAFLD had a significantly greater HOMA-IR than those without (p\<0.05). There was no statistically significant difference in the incidence of IR when NAFLD patients were compared with those without NAFLD (p\>0.05). Of the 32 patients with NAFLD, 38.7% (12 patients) had IR, while 78 patients without NAFLD, 28.2% (22 patients) IR were found in them. Patients with NAFLD had a significantly greater AST level than those without (p\<0.01). Patients with NAFLD had a significantly greater ALT level than those without (p\<0.01). There is a 24.9% positive statistically significant relationship between the HOMA-IR and hepatosteatosis level (p\<0.01, rho=0.249).

On the other hand, no significant difference was found between 25-OH Vitamin D levels of Group 1 and Group 2 (p\>0.05) ([Table 2](#T2){ref-type="table"}). When the effects of age and sex were kept constant, there was no significant correlation between Vitamin D level and AST, ALT, and BMI values (p\>0.05).

DISCUSSION {#sec1-4}
==========

According to epidemiological data, NAFLD may affect 3--10% of pediatric patients, with a male-to-female ratio of 2:1 \[[@ref21]\]. In our study, 53.1% of the patients with NAFLD were male. Both NAFLD and Vitamin D deficiency is common in obese subjects. While obesity is a risk factor for both conditions, NAFLD and Vitamin D association is not clear.

Enhanced ALT levels are common among pediatric patients with NAFLD. Aminotransferase levels may range from normal to 4--6 times the upper limit of normal. Mild aminotransferase elevation is usually observed in NAFLD patients \[[@ref22]\]. In our study, ALT and AST levels were significantly greater in the group with NAFLD.

NAFLD was initially considered a two-hit process. At present, however, the attitude that NAFLD pathogenesis is multifactorial with many factors affecting disease development and progression is widely accepted. The "multiple-hit" hypothesis is currently the established pathogenetic model. The onset of disease, NAFLD is characterized by fat accumulation in the liver (steatosis) and IR, influenced by genetic susceptibility, epigenetic mechanism, a sedentary lifestyle, and hypercaloric diets \[[@ref22]\]. Insulin resistance, a key risk factor in the pathogenesis of NAFLD, is linked to the development of oxidative stress and lipotoxicity \[[@ref10]\]. Hepatic triglyceride accumulation proceeds from increased delivery of free fatty acids to the liver increased lipogenesis, and impaired fatty acid metabolism in hepatocytes. Hepatic fat accumulation has been shown to aggravate IR by interfering with phosphorylation of insulin receptor substrates. Free fatty acid accumulation and IR may predispose the fatty liver to secondary hits, including oxidative stress, mitochondrial dysfunction, and pro-inflammatory cytokines imbalance, which lead to necroinflammation \[[@ref22]\]. Our study also showed that IR was greater in patients with NAFLD.

While the role of Vitamin D in the regulation of calcium and bone homeostasis is well demonstrated, there is evidence for Vitamin D also having immunomodulatory, anti-fibrotic, and anti-inflammatory properties \[[@ref23]\]. In adults and children affected by NAFLD, Vitamin D levels have been reported to be inversely associated with liver steatosis, necroinflammation, and fibrosis. In rats exposed to western-style diets, Vitamin D deficiency exacerbates NAFLD through the activation of the toll-like receptor, possibly by means of endotoxin exposure, causing IR, and upregulation of hepatic inflammatory genes \[[@ref11]\]. However, in a recent Korean study contradictory results were obtained. In this study, the authors analyzed data from the Korean National Health and Nutrition Examination database (KNHANES IV) with \>16.000 individuals and reported that obese subjects (BMI \>25) with \>2 components of the metabolic syndrome were more likely to have elevated liver enzymes compared to normal weight subjects; however, there was no significant difference in Vitamin D levels between the group \[[@ref17]\]. Li et al. \[[@ref14]\] showed that serum 25 (OH) D levels were not significantly associated with the presence of NAFLD. It is well known that adolescents with obesity and its comorbidities are at increased risk for developing NAFLD and that increased BMI is a significant independent predictor of hypovitaminosis D \[[@ref24]\]. Low concentrations of serum 25(OH)D found in obese adolescents may show an inadequate diet or a more sedentary lifestyle with less time spent outdoors, resulting in less sunlight exposure. It also is possible that lower serum 25(OH) D levels in obese individuals' reflect the sequestration of Vitamin D in adipose tissue \[[@ref25]\]. Other predictors of hypovitaminosis D in adolescents may include ethnicity, season, and milk consumption. Considering that adiposity is well documented as contributing to the risk of developing NAFLD, these results suggest that it is obesity, rather than Vitamin D status, that is, in fact, independently associated with NAFLD. Katz et al. \[[@ref13]\] showed that suspected NAFLD is not associated with Vitamin D status in adolescents after adjustment for obesity. Our study also failed to demonstrate any significant difference between the vitamin D levels of groups with and without hepatosteatosis.

CONCLUSION {#sec1-5}
==========

We were unable to detect any significant difference between obese patients with and without hepatosteatosis with regard to Vitamin D level. We are of the opinion that obesity, rather than vitamin D status, that is, in fact, independently associated with NAFLD. Larger, randomized studies are needed to investigate the impact of Vitamin D in children with obesity with hepatosteatosis.
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